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synopsis. 
SECTION I.-Ax~oads OR LAWS OF ATMOSPHERIC MOTION. 

1. Thc Law of th Relation of Motion to Pressure. 

In the upper la ers of the atmosphere the steady horizontal motion 
of the air a t  an Tevel is along the hodzontal section of the isobaric 
surfaces a t  that revel, and the velocit is inversely proportional to the 
meparation of the isobaric lines in the Lvel of the section. 

2 .  The law of the Computation of Pressure and of the dpplication of the 
Gaseous Laws. 

The preesure at any point in the atmosphere and at  any instant is 
the weight of the column of air which stands upon one unit of hori- 
zontal area containing the point. The numerical values of pressure, 
temperature, and density a t  any point of the atmosphere are therefore 
related by the usual formuh for the gaseous laws. 

3. The Law of Convection. 

Convectionin the atmosphere is the descent of colder air in contiguity 
with air relatively warmer. 

4. The Law of the Lintit of Conzvct.ion. 

Convection in the atmosphere is limited to that ortion of it, called 
the troposphere. in which there exists a sensible pall of temperature 
with height. The upper layer of the atmos here, in which there iR no 
sensible fall of temperature with height an: therefore no convection, 
is called the stratosphere. 

5 .  The Law of Saturation. 

The amount of water vapor contained in a given volume of air can 
not exceed a certzin limit, which depends upon the temperature and 
upon nothing else. 

SECTION II.-LEMMAS OR POSTULATES. 

Lemma 1.-In the stratos here, from 11 kilonieters upward it is 
colder in the high pressure t tan  in the low pressure at  the same level; 
and in the troposphere, from 0 kilometers downward to 1 kilometer. 
it is warmer in the high ressure than in the low pressure a t  the same 
level. [w. H. nines, g o . ,  210b.l 

Lemnur 2.-The average horizontal circulation in the Northern 
Hemisphere in Januarv between 4 kilometers and 8 kilometers consists 
of a figure-of-eight orbit from weat to ea& along isobars round the pole. 
with lobes over the continents and Lights over the ocean. 

The average circulation at  the surface is the resultant of the circu- 
lation a t  4 kilometers combined with a circulation in the opposite direc- 
tion of similar shape due the distribution of temperature near the 
surface. [L. Teisserenc de Bort. Awn. dit Bureau C'entral Metloro- 
logique, 18S7; and W. N. Shaw. Proc. Roy. Soc., vol. lxxiv, p. 20,1903.1 

SECTION III.-PROPOS~ONS. 

&mposition 1.-To define the conditions for the persistence of the 
exiating motion of the atmosphere. 

1 Re inled from Prw. Roy. SOC. Edinb., 1912-1014. $4, i7-ll!!, as issued sepnrakly Mar. 
23, I Q K  

Proposition 2.-To show that the rate of increase of preaeure difference 

per kilometer of height is 34-22 e-* ; and hence that the distri- 

bution of ressure in the stratosphere is the dominant factor in the circu- 
lation of %e sir at  the surface; that the intermediate la era between 4 
kilometers and S kilometers exert little influence upon t i e  distribution 
of ressure. 

$roposirion 3.-To show that the wind velocity acroaa the slope of 

prmiue at  any level is proportional to 0 9 ;  and thence to show how 

to utilize observations of the pressure and temperature to calculate the 
wind velocity at any level. 

Pro osition 4.--To &OW that the wind velocit general1 increases 
with leight until the substratosphere is reachei, and fa% off with 
increase in height in the stratosphere. 

Proposition &-To show how the distribution of reaaure and tem- 
perature in the ullper air can be calculnted from tEe observations of 
structure represent.ed by a sounding with a pilot balloon, and thence 
to account for the local distribution of rainfall when an upper current 
from the northwest cromes a lower current from the southwest. 

Pro osition 6.--To account for the average general circulation over 
the {orthern Hemisphere in the 4-kilometer level as aet out in 
Lemma 9. 

INTRODUCTION. 

0 0  0 P 

P 

Every science has two as ects or two stages in ita de- 

tions are niade and compiled, and axioms or aws are laid 
down. In  t.he second or deductive stage the laws are 
applied bv syllogistic reasoning, niatheniaticd or other- 
wise, to elicit conclusions which either disclose new facta 
or show the inevitable connection between facts already 
known, and, in either case, complete the claim of the 
study to the rank of a science. 

The different sciences vary greatly in the stage of de- 
velopment which they present. The science of eometry 
has almost forgotten the origin of its own laws an 5 axioms, 
and occupies itself with the most complicated deductive 
ropositions, the forms of which are used to uide the 

xeductions of other sciences. Biology is s t i t  in the 
inductive stage; no one ventures pet to predict in what 
form the horse will be found a million or even a thousand 
years hence. 

These different aspects of science appeal with different 
force to different types of human niind. Observers are 
comparatively rare; true inducers, those who have the 

atiance and the insi ht to arrange the facts and formu- 

tlioss who draw conclusions, not always mathematical 
or strictly logical, niake up the balance of the human 
race. 

Many years ago, in 1862, Dr. Alexander Buchan, in a 
contribut,ion to this society which was subsequently 
elaborated in a volunie of the results of the Challenger 
Expedition, laid the foundations of our inductive knowl- 
edge of the at,mospheric circulation by a series of ma s 

afforded to me your invitation to address you on recent 

Q velopment. In  the first, t Yl e inductive sta e, observe 

f k e  the uncltdying f aws are estreinely rare; deducers, 

of the distribution of ressure over the surface of t % e 
globe. With rest p f easure I take the opportunity 

developmenta o t the science of meteorology particularly 
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in the investigation of the up er air, to put before you a 
re resentation of the knowle tl ge of the atmospheric cir- 

normal scientific form, with axiom which 
ductive laws, with postulates or lemmas 
groups of observed facts, and with 
to conclusions which are susceptible 

c s ation as it presents itself to my mind, arranged in the 

SECTION 1.-AXIOMS OR LAWS OF ATMOSPHERIC MOTION. 

The time has arrived when it seems possible and desir- 
able to formulate the laws and principles which can be 
effectively employed at  the present day in the explana- 
tion of many of the recognized phenomena of the struc- 
ture and circulation of the atmos here and to illustrate 
their ap lication. These laws an B principles are the re- 
sult of o 1 servations sometimes sug ested or controlled by 
theory. They are of the nature o axioms or inductions, 
about the validity of which 11 good deal of discussion is 
possible. Into that discussion I do not now propose to 
enter. The axioms really depend for their justification 
u on their effectiveness in explaining observed facts. 
I%ey are set out as follows: 

1. The law of the relation of motion to pressure. 

In the upper ‘layers of the atmosphere, the steady 
horizontal motion of the air at any level is along the 
horizontal section of the isobaric surfaces at that level, 
and the velocity is inversely proportional to the separa- 
tion of the isobaric lines in the level of the section. 

The line of argument in favor of this law, which cttn 
not, strictly speaking, be either verified or contradicted 
b any available process of observation, is as follows: 
d e  condition specified in the law is the condition of 
kinematic equilibrium toward which all atmospheric mo- 
tions tend, and have tended either since the earth bc m 
to rotate as it does now, or the atmosphere was kst 
formed, whichever of those events is the later in time. 
Any deviation from the equilibrium state is by idnites- 
imal steps during which read’ustment to the equilibrium 
condition has been taking piece automatically. Hence 
any fbite difference from the e uilibrium state can only 
occur in quite exceptional conhiom. consequently ~f 
there is an ascertained Uerence from the quilibnum 

from the 

dif€erencea of which account may have to be taken. Ih 
importance de ends u on the latitude. For the half of 
the globe nor& of 30‘k and south of 30’ S. it is gen- 
erally negligible, but near the equator it becomes the 
paramount consideration in the question of the persist- 
ence of distribution. Thus rotary system, small or large, 
are the only possible isobars for a synchronous chart of 
an equatorial region, if one were drawn. The lo sweeps 

paper would be inadmissible there. 
Near the surface there is always a component of motion 

along the gradient from high pressure t o  low pressure. 
In this region the friction due to obstacles and to the 
viscosity of the air prevents the steady state being 
reached, and in consequence the centrifugal force due to 
the velocity of motion is not adequate to balance the 
pressure. 

This modification of the general principle in the case of 
surface air may be inferred from the fact that in all maps 
of the distribution of pressure and wind at  the surface 

f 

ut as the divergences 
by the First Law of 

of path” is one of the 

of “parallel isobars” with which we are concerne 3 in this 

there is evidence of B flow across the isobars. The maps 
are not always conclusive, as they are for sea level and 
not station level; but no person of ex erience will doubt 
the general truth of the statement, w&ch in books often 
takes the form of postulating convergence toward centers 
of low pressure and divergence from centers of high pres- 
sure. 

2.  The law of the computation of pressure and of the appli- 
cation of the gaseous laws. 

The pressure at any point in the atmosphere and at 
any instant is the weight of the column of air which 
stands upon one unit of horizontal area containing the 
point. 

This principle assumes that the motion of the air is so 
slow that the hydrostatical forces are not interfered with. 
Esploeion or e’lastic wave motion would invalidate the 
law. It therefore wunies that the atmosphere is free 
from explosions trnd elastic wave motions, or that their 
uffect is so small that it does not enter into meteorological 
calculation. 

It follows that the numerical values of pressure, tem- 
perature, and density at  any oint of the atmosphere 
are related b the usual formuT8e for the ~aseous laws. 

ference of composition in consequence of the variation 
in the amount of water vapor or other possible causes, 
the relation p=RSp  holds, where , 8, p are the pressure, 
teinpernture (on the absolute sc 3 e), and density of the 
air, and R is a “constant” which is altered by an altera- 
tion in the composition of the air but not by other 
causes. 

3. The law of convection. 

Convection in the atmosphere is the descent of colder air 
in conti aity with air relatively warmer. 

The f ~ w  is advisedly stated in this form (although 
objections may be taken to it for w-ant of strictness) 
because the driving power of the convective circulation 
conies from the excms of density of the descending por- 
tion, and the excess of density in atmospheric air IS due 
ip ilparly all cases to low tern erature. Differences of 

differences in the amount of moisture contained in equal 
volumes; but finite differences of ressure cannot per- 
sist in confiiguous masses of air. T i  e amount of water 
vapor in au a t  the ordinary temperatures with which a 
meteorologist has to deal is only a small fraction of the 
whole mass, and the colder the air is the less 
is re uired to. saturate it. Consequently, 

sample of air which though warmer is 

In  other wor B s, when due allowance is maze for the dif- 

density might be caused by d’ 2 erences of pressure or by 

woul % be possible in a physical laboratory 

another cooler sample on account of the 5 umidity of the 
et 

latter, the conditions would not easily occur in nature, and 
the motive power for convection would be exceedingly 
small. Such case9 may therefore be left out of account, 
and we may consider that of two contiguous masses of 
air the colder is the denser. 

The law of convection is usually stated with regard to 
the warmer part of the convective circulation and takes 
the briefer form that warm air rises. The general adop- 
tion of this briefer form is clue to the fact that the warm- 
ing of air at the surface is a matter of conimon knowledge 
and it occurs in the daytime, when its effects in producing 
a local convective circulation are often quite distinctly 
visible. The form which is adopted here, however, IS 
preferable, because in any case i t  is the cooler and heavier 
air in the neighborhood which must be looked for if the 
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true cause of the circulation is to be found, and although 
on the smaller scale the heavier air is not far to seek, it 
is not so easily identified on the scale of a meteorological 
chart. 

Convection in the atmosphere may also be due t o  the 
variation in the gravitational acceleration due to  the 
motion of the a!r with reference t o  the earth. 

The gavltational acceleration depends part1 on the 

centrifugal action due to rotation. The ordinary values 
of the constant of gravitation assume the rotation to be 
that of the solid earth, and the acceleration of gravity 
upon air movin over the earth’s surface is consequent1 
Cllfferent from t % at for calm air. Hence the air whic 
forms part of a westerly wind is specijcally li hter than 
air at the same temperature and pressure whic% is calm, 
and, on the other hand, air which forms part of an easterly 
wind is speci caUy heavier. These variations in what, 
contrary to t 1 e usual convention, may rightly be called 
the “spec&pavity of the air” have not yet been gen- 
erally taken into account in meteorological practice, but 
they are of real significance and are the subject of certain 
classical papers by von Helniholtz and Bnllouin on the 
circulation of the atmosphere. 

4 .  The law of the limit of Convection. 

Convection in the atmosphere is limited t o  that portion 
of it in which there exists a sensible fall of temperature 

statical attraction of the earth’s mass and part Q y on the 

K 

with height. 
This ortion, which comprises about three-fourths of the 

atmosp 1 ere, is called the troposphere and is a layer of air 
about 10 kilometers thick su~~ounding the whole earth. 
It is surrounded by an outer spheroid of air com rising 
the remaining fourth part of the atmosphere, d i c h  is 
called the stratos here, 1 x 1  which there is no sensible fall of 
temperature. wit% height. The boundary between these 
two layers IS not at a fixed height; it is apparently a 
flexible, and therefore deforniable surface, but it is not 
penetrable by air. 

The height of the boundary diffeis in different lati- 
tudes, beiGg highest over the hquator and getting grad- 
uaU lower towards the poles; it differs also in different 
loca ities, being higher over an axea of hi h pressure than 
over one of low pressure. The local di ereiices a” due 
to deformations of the boundary b the accumulatlon or 

boundary oscillates about a mean poslbon w IC should 
be regarded as the height of the boundary of the strato- 
sphere for the lace. There is no physical reason why the 

All that IS required to produce that effect is an accumula 
tion of air warm enqugh to cause upward convection. 
All that can be said 1s that there is no esanlple of the 
approach to such an accuplulation. There are a sufii- 
clent number of examples 111 which there is a reversal of 
fall of temperature just below the stratos here, and these 

spare in the way of resistance againstyenetrabon. Hence, 
from the point of view of meteorologcal theory, we regard 
the stratosphere as mpenetrable. 

5. The 2rtw of saturation. 

The amount of water vapor contained in a given vol- 
ume of air cannot exceed a certain limit  which depends 
upon the temperature and upon nothing else. 

This is really simply a statement of Dalton’s law of the 
saturation of a gas with the vapor of a liquid, but it is 

d 3 
withdrawal of air from underneat Tl . .At ani.  gace the 

boundarg of t. 1 e stratosphere should not be penetrated. 

show that the stratosphere has, I f  anyt 1 ing, a little to 

quoted here partly because it refers to the only form of 
variation in chenucal composition to which the meteoro- 
logical atmosphere is subject, and also partly in order to 
avoid a misapprehension that is very widespread. I t  is 
a well-known physical priiici le t.hnt when ti vapor is 

the case of water vapor, is very large, is liberated. The 
statement of the principle is not complete; it should go 
on to say that the condensation cannot take place unless 
provision has been made for disposing of the heat which 
will be liberated. In  the case of the atmosphere it is 
often assumed that no provision of the kind IS re uired, 
and t-hat the air will, it] consequence, be warmed 1 the 
heat set free. Herein lies the misa prehension. %,p,, 
and tho amount of condensation will be limited by the 
amount of the cooling. 

It should, however, be noted that the wording of the 
law as here given, namely, thnt t-he limiting amount of 
wat,er VR or depends upon the temperature and upon 
nothing eEe,  implies a statement about the atmosphere 
about which it is necessary to be ex licit. Since Dd- 

others have shown that the cooling of a mms of air b e  
low the “saturation point” causes condensation only if 
there are nuclei upon which drops of water can form. 
I n  the absence .of such nuclei, laboratory e s  eriments 
have shown that condensation does not take p P ace until 
the limits of saturat.ion have been largely exceeded; 
“four-fold saturation” is necessary in such a case. Air 
without nuclei cooled below its ‘(saturation 
said to be supersaturated, and the statement o the law 
of saturation as set out im lies that supersatura.tion does 
not exist in the free air. $his is another case in which 
there is no physical reason to prevent anyone imagining 
circumstances in which supersaturation might esist ; all 
that cain be said is that no such circumstances have been 
demonstr:it,ed, and the ready formation of clouds a t  all 
heights seems to indicntc that such circumstances are 
quite unlikely. Hence the meteorologist is entitled tc 
iilfer, ns the result of a nieteorologicnl though not of a 
physical hw,  that condensation in the form of cloud, or 
if necessary of rain, will always accompany the reduction 
of tempercitwe of’the air below the oi.nt of saturation, and 
the amount of condensation wilf depend upon the re- 
duction of temperature and u on nothing else.2 

which the nieteorologist must approach the consideration 
of the circulation of the at,mosphere, with all its com- 
ple.sities m d  its perplexities. The rest must de end 
upon the qq-dication of the ordinary principles ordy- 
namics and physics to tho results of observations which 
indicate the pressure, temprature, and density of the 
ri.ir in its actual condition when under consideration. It 
is my object in this tiper not to discuss or to justify these 

planation of some of the more general phenomena of the 
a tmospheric circulation. 
The forni which hns beexi adopted for this communica- 

tion has been chosen for the purpose of drawing a (lis- 
tinction between the inductive, the observational, and the 
deductive as ects of the questions which are treated. 

dynnmics, there is am ,le op ortunity for discussion as to 

motion and the grounds for their acceptance or rejection, 

condensed the “latent heat o P vaporization,” which, in 

of water in air will not condense un I; ess the air is coo ed, 

ton’s law was enunciated, t,he researc K es of -4itkeii and 

eoiiit” is 

These five laws espress t P ie special principles with 

principles, but to s Y iow how far they lead us in the ex- 

Just us, in t.ie Y cases of motion treated in text-books of 

the form of words w i P  ich slall be used for the laws of 

The supmsatumth of atmpsppmic air is discussed in Dr. Alfred Wegeuds Thermo- 
dynamk der Atmosphhre Leipzlg J. A. Barth 1911. Humidities, by the h a t  hygro- 
meter, up to 107 per cent ah cited & p. 254 of t&t work. 
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starting from the consideration that there never has 
been an actua.1 example of a body free from the action of 
force, so, in the case of atmospheric motion, there is no 
lack of opportunit for the discussion of the laws as here 

case can be quoted in which we are certain that the laws 
are strictly obeyed. And further just ns in the case of 
the dynamics of the herrvenl bodics the whole subject 

plain the changes of motion and their causes instead of 
pondering over the ultimate origin and cause of the state 
of motion which exists a t  an particular epoch, so in the 
study of the circulation or  the atmosphere we may 
profitably turn our attention to the chnn es in the nio- 

leave for the t h e  being the endeavour to give a short 
answer to the question, "What is the ultiinttte cause of 
any given distribution of pressure, with its attendant 
atmospheric motion ?" 
We proceed, therefore, first to define in two lemmas 

the average condition of the atmosphere which we wish 
the reader to keep in mind, and secondly to apply the 
laws which have been already enunciated to make certain 
deductions or establish certain propositions with regard 
to the circulation of the atmosphere, which are set out in 
the synopsis. 

set out, starting ? rom the coiisidera.tion that no actual 

is reduced to a manageable P orm by setting out to es- 

tion related to the varying distributions o !? pressure, niid 

SEOTION 11.-LEMMAS OR POSTULATES. 

Lemma 1. 
In the stratosphere from 11 kilometers upward it is 

colder in the high pressure than in the low pressure a t  
the same level ; and in the troposphere, from 9 kilometers 
downward t o  1 kilometer, it is warmer in the high pres- 
sure than in the low pressure at the same level. 

Fro.) --Table sf average valnes d prewure an& temperature nt dil- 

at the Lcurfrrw; wiih pre~snre diflerences and temperature diflemnces 
at each level. Compiled from the diegruin and tahlea of W. H. Dinea, 
F. 1%. s., in G~oph!/SicYd -&inoh,  No. 2, hrI. 0. Publication, 210b. 

ferent (. eveld over high pressure (1031 m b . )  aud low prewure (384 mb.) 

TAHLE 1. 

Pressure. 

LOW. High. 
--- 
mb. mb. 
116 123 
135 146 
157 lil 
1m 201 
212 235 
217 273 
a88 317 
335 366 
388 422 
449 483 
516 552 
591 KZ3 
675 713 
767 m 7  
Q O  913 
9fil 1031 

DlfI 
- 
A p .  

mb. 
7 
11 
14 
1s 
23 
26 
29 
31 
34 
34 
36 
37 
38 
40 
43 
47 

AB. 

" A .  

- 9  
-11 - s  
- 4  
+ I  
+ 7  + 13 
+1A 
+11 
+13 + 12 
+ 9  
+ 8  
+.1 
+ 3  

. . . . . . . 

Dlff. 1 Temperature. 
~~ ~ 

981 mb. low. 1031 mb. high. 

"A.  "A.  

224 215 
236 215 
222 217 
22s 221 
225 !2% 
3% 273 
227 210 
233 24 7 
240 254 
348 ?I31 w 2ti7 
a83 E? 
269 277 
275 279 
279 2nz 

-.. ... 

Standard deviation of P,, 133 mb. 
Standard deviation of PI 14.1. mh. 
Correlation coefficient betseen the variationa of Po and Pa from the 

meam for the month (Fhglish aacenb) 0.80. 

The table which is here given summarizes the results 
of an important investigation by Mr. Dines into the rela- 
tion between the changes of pressure at the 9-km. level and 
the comes onding changes a t  the surface. The changes 
which he f; ealt with were chronological, and I have ex- 
tended the conclusion in applying it to topographical 

differences. This extension is justified if the places be- 
tween which the differences are to be taken are sufficiently 
close together to be influenced by the same barometric 
system, and if the chronolo ical sequence is followed in 
individud cases. That the 5atter condition is generally 
satisfied is shown by the high correlation coefficient be- 
tween the variations at  9 km. and at the surface. 

The conclusion as to the relation betwaen temperature 
and pressure in the upper air, which is drawn from this 
table, is supported by the gradual evolution of meteoro- 
ogical ideas on the subject. Originally it was assumed 
that high ressure meant relatively dense air and low 
ressure re 12 atively light air from the surface upward. 

Eoinetimes temperature and sometimes moisture was 
held accountable for the levity; but the view first put 
forward by von H m n  that, in ordinary circumstances, 
the air over high pressure is warmer than that over low 
pressure has gradually developed until it may now be 
regarded AS an accepted principle in meteorology. It is 
borne out by the simultaneous soundings which have 
occasionally been obtained from laces within the same 

the specified order are mostly confined to the lowest 
reaches of the atmosphere. This last oiiit also is well 
illustrated by the fi ures of the table, w 'ch show a 

barometric system; and apparent 7 y the disturbances in 

Pd- ual fallin off, on t E e average, of the temperature iffer- 
ences in t % e lowest three kilometers. 

k 

Lemma 2. 

The average horizontal circulation in the Northern 
Hemisphere in January between 4 kilometers and 8 kilo- 
meters consists of a flgure-of-eight orbit from west to  east 
along isobars round the pole, with lobes over the conti- 
nents and bights over the oceans. 

The average circulation a t  the surface is the resalt- 
ant of the circulation at  4 kilometers combined with (L 

circulation in the opposite direction of similar shape due 
t o  the distribution of temperature near the surface. 

[L. Teisserenc de Bort, Ann. dqi. Bureau CeenCrair B6t4mo- 
logique, 1837; and W. N. Shaw, Proc. Roy. Soc., vol. 
ksk .  p. 20, 1904.1 

This lemma is introduced in order to supply the reader 
with a suitable general picture of the atmospheric circu- 
lation in the upper airs and the niodificat;on which it 
must undergo in the lowest layers in consequence of the 
distribution of teniperature near the surface. As will 
be seen from Pro osition 2, which follows, the similarity 

equality of A1910 and A p J p .  Consequent y, a circulation 
along parallels of latitude from west to east in which the 
air nearer the poles is the colder is a circulation which 
may remain ractically identical at all heights, and is 
su estive of z urability and persistence. 

%e distribution of pressure a t  the 4 - l a .  level given by 
If. Teisserenc de Rort suggests that the actud circulation 
in tlie up er air is not a circuhtion alon parallels of 

something intermediate between a circle and a figure-of 
eight. 

That the circiilation at the 4-km. level remains of the 
same general character up to the 8-km. level is suggested 
by the fact that in those regions distribution of temper- 
ature is such as to cause very little change in ressure 

tion 2. 
It may be remarked t.hat the distribution was cJcu- 

lated by M. L. Teisserenc de Bort from the distribution 

P of pressure-distri t ution a t  all heights de ends upon the 

latitude, gut yet is an approsimation t f ereto, bein 

differences, in accordance with the formula of I! roposi- 
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of pressure and tmperature at the surface, and is subject 
to two uncertainties, first, the reduction of the original 
presaure readings to sea level; and, secondly, their further 
reduction to the 4-km.leve1. The uncertainties arise from 
the uncertainty in the values of the temperature of the 
air “below the ground” in the reduction to sea level and 
above the ground in the reduction to the 4-km. level. To 
a certain extent these two uncertainties compensate each 
other in the important features of the result, and the 
conclusion m to the circulation a t  which M. Teisserenc 
de Rort had arrived is su ported by the results of Hilde 

vations (see Hildebrandssoii and Teisserenc de Bort, Les 
Bases dc b dt6orologie dynamique, vol. ii, Gauthier- 
Villars, Paris), and by other considerations of a more gen- 
eral character. 

The statements of these two lemmas are based upon 
observation and are therefore liable to modification or 
correction in detail as the results of observation become 
more conclusive. The are, however, sufficiently well 
established to justify J e i r  use in the further considera- 
tion of rnoteorological problems. 

SECTION III.-PROPOBITIONS. 

brandsson’s discussion o P the international cloud obser- 

We now proceed to the considerntion of the propositions 
which are set. out in the synopsis. I shsll deal in detail 
with only three of the propositions, numbered 1, 5, and 
6, respective1 because the remaining three, numbered 
2, 3, and 4, Tave already been dealt with in a p p e r  
communicated to the Scottish Meteorological Society, 
with the title of “The Calculus of the Up er Air, and 

Week of May 5-11, 1913.” The paper is published in 
the Journal of the society for 1913. 

Pmpositwn 1 .-The conditions necessamj to maintain a 
skady atmospheric current. 

The conditions which must be complied with if a steady 
current is to be persistently maintnined must satisfy the 
first law, the law of relation of motion to rmsure. 

the rmsure gradient 7, density p, latitude 1, and the 
angu 7 ar velocity of the earth’s rotation w, by the equation 

the Results of the British Soundings in the P nteniational 

The law prescribes that the velocity b is related to 

v- 7/(2wp sin 1). 

Provided that the latitude 1 remains constant during the 
enistence of the current this condition presents no dif- 

ficulty; the flow will always be determined by the dis- 
tance apart of the isobars but the auxiliary condition 
that the current shall not change its latitude implies that 
the isobars are parallel to the circles of latitude. Hence 
we may infer that, neglectin a very small correction for 

allel to the circles of latitude is a “stead ’’ circulation 
which will be persistently maintained. T i e  only forces 
which will interfere with it are frictional forces due to 
the relative motion of ad acent layers of air, and, except 

friction is aided by turbulent motion, these are extremely 
small. Hence a westrto-east circulation or an east-to- 
west circulation in the u per air once eteady will remain 

tion. 
But, on the contrary, when the air movement is from 

south to porth or from north to south, or has any com- 
ponent which gives a motion across the circlm of latitude, 
a change in sin 1 has to be dealt with. 

curvature, a circulation roun % the pole along isobars par- 

in the immediate neigh i orhood of the ground where 

so, unless it is disturbed 73 y changes of pressure distribu- 

Motionfrom south to d. 
We propose to deal first with a current moving from 

south to north. We shall suppose the current to be uni- 
form over the section from. the one-kilometer level up wad^. 
We leave out tho lowest kilometer because we know that 
it is disturbed by quasi-frictionnl forces a t  the surface. 

In  this case the value of sin r\ is increasing, and there- 
fore greater pressure difference is required to et the 
same quantity of air through the same section. g u t  the 

ressure difference is limited by the isobars, which are 
Ey hypothesis supposed steady. Any convergence of the 
isobars themselves provides its own remedy, because the 
gradient velocity is inversely proportional to the dis- 
tance. We have therefore only to deal with the change in 
sin A in the formula 

V=r/(2wpsin A). 
Let L be the width of the current, and H i t s  depth; then 
the flow over the whole section L x H  is LHTr; and by 
the equation of continuity this must be constant as the 
stream flows northward. 

Now 

and Lr is the pressure-difference, Ap, between the two 
sides of the current. LHT7 is constant,; hence, differen- 
tiating, we get 

b H  bp bs in1  o=----- 
H p sin 1 

or y-  -_- 7 +cot 1 bl. 

Now p can only alter by variation of pressure, tempera- 
ture, or composition; change of pressure is ruled out be- 
cause the niotion is along isobars; chan e of temperature 

and there are no other causes of any appreciable change 
of temperature; and change of composition can only 
occur in consequence of condensation. By Law 5, in 
the absence of change of temperature no change of com- 
position will occm. Hence 

and 

will be very slight because there is no c R ange of pressure, 

apip = 0, 

b H  _-  -cot 181. 

In othr words, the thickness c f  th. movi. laver must in- 
crease ractionally by the amount cot181Tr tiie c h  e qf 
latit d e 81. If latitude is expressed in degrees an 7 not 
in circular measure as differentiation supposes, we must 

introduce the fac.tor mol and thus the formula becomes 
x 

Hence, in order that a current may persist over any 
stretch from south to north, it is necessary that the thick- 
ness of the moving layer should increase.fracEiona1y to the 
erte.nt of 0.0176 cot 1 for every degree of lutitu.de which it 
crosses. 

We have assumed the layer to be unlimited above, 
and limited below by the onekilometer level. To pro- 
vide for the additional air by increasing the height above 
the selected base-level would result in altering the pres- 
sure: that mode of operation is therefore excluded by 
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the condition of maintenance of the current as steady. 
Consequent1 we must sup om the additional thickness 

meter: that region is already supposed to be occupied by 
an extension of the current which is disturbed by sur- 
face friction; hence, unless there is a continual flozu-of 
of air from below the one-kilometer level, the steady state 
can not be maintained. 

The south-to-north current implies a high pressure 
on the eastern side and a low pressure on the western 
side, and near the surface there is a com onent of flow 
from high to low across the isobars. I-Fence we may 
suppose a case in which the northward-flowing current 
is maintained steady b the flow-off from east t o  west 
in the surface layer. d proceed to calculate the amount 
of this east-to-west current which will suffice to draw off 
the increase of the current above 1 kilometer. 

We suppose, for the purpose of calculation, that the 
east-to-west component is unlform over the lowest half 
kilometer of the western section. The fractional in- 
crease of thickness in the upper layer has been shown to 
be 0.0175coU for each degree of advance northward. 
The increase of the thickness is the same over each ele- 
men- lapr  of height into which the whole thickness 
can be divlded; consequently the air to be removed is 
the fraction 0.0175 cot 1 of the transverse vertical section 
at eve level. If the removal is confined to the lowest 
half g m e t e r ,  which contains a fraction of the atmos- 

here approximately one-twentieth of the whole, it  fol- 
Ews that a fraction 20X0.0175 cot 1 of the lowest half- 
kilometer layer has to be removed for each degree of 
advance northward. 

For each meter of advance northward, therefore, a frac- 

to be provi B ed by encroac E ment upon the lowest kilo- 

tion 2o ::io;:$ A of the lowest half-kilometer layer 

has to be removed; and, similarly; for each m.eter per sec- 
orad of the wind velocity from south to north a fraction 
2o 0’0175 must be removed evemj second. 111.1 x 103 

Su pose that the breadth of the advancing current 
whic % is supposed to be maintained steady is L kilo- 
meters, the westerly flow at the western end of the 
lowest half kilometer must carry away air at the rate of 

2o ~ ~ m ~ ~ l ~ t  x L kilometers per second, or there 

must be a cross component of wind there amount- 
2 0 ~ 0 . 0 1 7 5 ~ 0 t a  x L met,ers per second. b t O  111.1 

If the cross wind be referred to the width of a current 
expressed in degrees of longitude at the latitude 1, and 
if 1 be the width of the current in degrees, we get 

Whence it follows that in order to maintain a south-to- 
north current of V meters per second there must be a 
cross wind leaving the lowest half kilometer of 

~ = i i i . i  cosaz. 

Z V meters per second 
sin 1 0.35 cos21 

We have supposed the drainage to take place entirely 
in the lowest half kilometer, which represents one- 
twentieth of the atmosphere, The same result might be 

iTHER REVIEW. 20 1 

produced by B distributed crossflow throughout the 

western vertical section of the moving air of 0’0175 - 2V 
meters per second. 

We may therefore sum up the conclusion as follows: 
In order that a current across circles of latitudefrom south 

to north with a breadth qj’l degrees of longitude ma persist 
wnaltered at any level, i t  is n.ecessary thut air s x ould be 
drawn. a.way from ih,e mming air at thut level to the extent of 
0’0175 cxAl V meters per second. 

The use of the surface layer, to draw off the excess of 
air which would otherwise prevent the persistence of a 
current across circles of latitude, is quite appropriate in 
the case of currents with a south-to-north component. 
According to the rider to Law 1, such B current certainly 
exists, and i t  only requires its magnitude to be adjusted 
in order that persistence may be secured. For a current 
extending over loo of loiigitude in latitude 45O ’the cross 
component at  the estreme west of the lowest half kilo- 
meter would have to be two ancl a half times the steady 
south wind above, and that hardly occurs in practice; 
but there are n variety of ways of accounting for any dis- 

cos21 
sma 

SlIlA 

LOW H l l H  

STEADY STeN CUlRENT O r  
V Y t T C I 8  CLR 8tOOIID. 

:1 
6 DOWIIWARO FLOW o ~ . o i ? s o r  

ATMOIPWERC F O I  EACH OLUCL 
01 LATITUOC cnaaaim. 1 

‘c- - - d  L o * c - - - i  

crepancy between the calculated and observed cposs wind 
in case the south-to-north current IS actual1 maintained. 
Hence the diagram, figure 1 , .re resenting t i e conditions 

longitude is not unreasqnable. 
The representation IS, moreover, borne out by the 

facts which are known as to the distribution of tempera- 
ture in the atmosphere. For the 7 kilometers between 
the 1-km. level and the S-km. level the temperature on 
the “high” side is “too warm,” and therefore represenb 
the effect of a downward flow while the pressure m main- 
tained.g Hence it seems possible for the conditions for 
the maintenance of a south-to-north current to be re- 
alized in ractice, thou the adjustment would be 

Motion from north to south. 
Persistence in the reverne of the case just descxibed, 

that is to say, in the case of a current flowm from north 

more easy. 
What we have to provide for here is not the thickening 

but the shrinkage of the current in consequence of the 

for maintenance of a south m n  R across a section of 5O of 

delicate an t; might certain Kh y be transient. 

to south, is in one respect more difficult an % in another 

,Sea the paper in the Journal of the GcoUlsh d i r t ~ r ~ k p ~ a l  Bocicryelresdy refpored to. 
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decrease of 

to south requires that air 
which, if dmtributed 

C03’1 0.0175 - lVa t  any level at which the wind velocity is 
V, in order to avoid fractiondshrinka e of 0’0175 cot 1 per 

could be supplied; but the shrinkage of the current, u-hile 
the distribution of pressure which controls it is main- 
tained, presents little difficulty if the current in question 
may be supposed to remain an upper air current and thgre- 
fore subject only to the ressurerdlstrlbutlon a propriate 

in the lower layers would make greater demands upon 
one’s in enuty,  be,cause the introduction of the necessary 

below, and Limtations to revent that alteration would 

current from north to south nt all levels requires some 
artiiice for the contiriuous production of the necessary 
pressuredistribution. 
vated by the fact that, just as in the case of the sout -to- 
north current, there is a flow-off from “high” to “low” 
in the surface layers; but unfortunately it flows away 
Jrom where it is required to make up the loss due to change 
of latitude, and consequently that loss, as well as the  loss 
by shrinkage, hps to be made good if the northerly current 
is to be maintamed. 

Putting the two currents side by side as in figure 2, we 
see that the supply for the north-to-south current ma 

current, but it can not be along the su+ce. It must be 
remembered that, so far  our information goes, we have 
no reason from obsemahons for supposing that the re- 
lation between pressure and temperature in a northerly 
current is different from that in a southerly current, 
though the evidence IS not quite conclusive, because the 
former has been less frequent1 the subject of inqestigtt- 

in a. similar manner ?n both cases. Persistence in thii 
case, therefore, reqwes the sur Ius of the adjacent 
southerl current and the outjlow~om the northerly itseZf 

layers in order that the proper temperature distnbution 
may be obtained. 

Such a combination of circumstances may fairly be re- 
garded as exceptional, and therefore the maintenance of 
a northerly current must be regarded as exceptional. 

Changes from the deady state. 

sin1 

degree of advance. It js more difficu K t to see how the mr 

to the current. To exp P am the persistence o P a current 

aI.r wou f d, as a rule, alter the distribution of pressure 

have to be invented. 2 ence the maintenance of a 

Fl+ The difficulty is further a 

possibly come from the surplus of the south-to-nort K 

tion. The ai. ~upply~ought,  ti erefore? to be canied out 

both to % e delivered to the northerly current in the upper 

contrary, the adjustment of the outflow in the southerly 
current to the conditions of persistence must be fortui- 
tous and unlikely t,o be ninintainecl for long; the adjust- 
ment of conclitions for the maintenance of a northerly 
current! is even more fortuit.ous. The reason for setting 
out the coudit,ions of niaintenance is rather to show t,hat 
natural conditions of atmospheric currents are not!, as a 
rule, those of pcrsistcooe but. of chniige. If the conditions 
of persistence which have been set out are not realised, 
the currents will change, and by Law 1 chan es in cur- 
rents imply changes in the distribution o P pressure. 
Consequently, an atmospheric system which includes 
northerly or sout-her1 currents lias within itself ele- 
ments and causes of ciange in the distribution of pres- 

to attribute all changes sure. It is tlierefore uimtc 
to outside causes. I t  is prefera ’ essarl le to consider the causes 
of the changes which are inherent in caws in which we 
cannot suppose t,lie conditions of mnintenance satisfied, 
and to regard estsrnnl caus~s of change wliicli are known 
to esist m supplementnry. 

It follows that we have not to regard a quiescent atmos- 
phere all over the globe as t,he starting-point of our ex- 

P 

WISH W16H 

STEADY 8 TON CURRENTOF 
V Y C T C R S  PCR.SCCOYD. 

E 
DOWNWARD FLOW O I  ,0175 Of 
THE A1HOSPHLRt FOII‘D1LAT. 

C R O  I S  C D. 
P w m c  RCQUIRCD FOR I. L A r  
CROSSED IN ADDITION TO C O H -  
CEYSATlOYJ Con DYTCLOW. 

w 
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FIG. 2 . 4 ~  section of 9 kilometers p km. to 10 km of two currents, south t o  
and north to south, each 5 wide, “maintdneAJJ In latitude 45‘. 

planatioii of the present condition, but we have rather to 
regard the circumstances of transition from one set of 
conditions to another. 

We may add some notes upon practical cases. 
Persisted southerly current.  

The mnintenance of n southerly current has been shown 
to be a question of adjustment of velocities, and a south- 
erly currtm t lends itself coinpnratively easily to persist- 
ence. Esaniples of n persistent souther1 current across 

of cyclones froni the west. A southerly current often 
extends throughout the vertical section of the atmos- 
phere, as might be expected from the automatic thicken- 
m g  described above. 

Pertristent northerly current. 
On the other hand, a northerly current requires con- 

stant reinforcement, and yet n northerl current, per- 
sistent for clays over the northeastern At !r antic, is by no 
means unknown. It is possible tvliat the necessary air in 
this case ma be sup bed by the gravitatioiial flow of 
cold air off &reenlanc P or northern Siberia, which must 
contribute a large amount of air to the surface layers 
above the northeastern Atlantic. 

the arnllels of northern Europc furnisi s a well-recog- 
nize s type of weather that seems to resist the incursions 
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Replacement of a northeasterly cuweni by a southwesterly 
current. 

An esample of tlw disturbance of prisistence frequently 
occurs in the caw of a iiortlieasterly current with R sout!i- 
westerly current above it, n case which i. referred to in 
Mr. Cave’s book 011 tlie Structure of t7t.e Attnosphm in 
Clear Weath.fr as n frcqueiit precuisor of weatelier of the 
thundeistorm type, accompanied by the setking in of tlie 
southwesterly wind. The dis t r ibuhn of temperstme is 
such tis to change the dircctioii of the pressure-gradient 
near the surface. Consecuently the outflow from h’ h 

upper “high.” The necessity for the thickeniiig of the 
southerly current k thwefore not relieved by the outflow, 
but accentuated thcreby. At the sanie time the north- 
easterly current has to get t8Jiinner, so it .is gradually re- 
placed by the southwesterly current settling down to the 
surface. T h o  appropriate redistribution of pressure at  
the surface accompanies the redistribution of air currents 
in the vertical section. 

These examples are adduced because it seems not im- 
probable that they give us the opportunity of watching 
the operation of the causes of change which are inherent 
in any actual state of atniosphcric motion. 

Let me summarize the attitude which seems.to nie to 
be appropriate for the meteorologist to take up in face of 
the complexities OI the atmospheric circulation, by a ain 

enunciation of t,he laws of motion. Imrqne the par- 
lesity of the rtstronomer who, finding. the heavenly 

godies moving in all sorts of directions m t h  all.sorts of 
velocities, set hiniself to esplain the motion which each 
possessed. To him the laws of motion bring the assurance 
that it i? not necessary for him to esplain why a body 
moves; it-is the changes of motion which should occupy 
his attention. So the meteorologist, looking at tho circu- 
lation of the atmosphere in obedience to the distribution 
of pressure, has not to ask himself why thepressure is high 
here or low t,here, but rather, “Is the distribution per- 
sistent, and if not, are the causes of change inherent in 
the existing circulation sufficient to account for the 
changes?’’ If it be said that, after all, the problem re- 
mains the same and the point of view is immaterial, it is 
right to remember that m astronomy the change in the 
point of view haa simply reduced chaos to law. 

&om what has been already said, it appears that a 
steady state of persistent motion of the earth’s atmos- 
phere is in the hghest d e p e  improbable, because it can 
only occur in a combination of circumstances which are 
independently fortuitous; but it is desirable to call atten- 
tion to a possible case of motion which is quasi-persistent 
in consequence of two concurrent and persistent infrac- 
tions of the conditions of steadiness. 

If we sup ose the south-to-north and north-to-south 

anticyclonic section instead of tlu3 cyclonic section repre- 
sented in figure 2, we find in juxtaposition a south-to-norbh 
current which must get rid of air, and a north-to-south 
current which must have air in order to.maintain itself, 
and all that is required in order to maintam both currents 
is a transverse flow of 0.0175- ZV at any level where 
the current velocity is 1’ from the south-to-north current 
to the north-to-south current. We can not accept this 
transverse motion as a ptyt of steady motion, because the 
motion would not be stnctly speakin along the isobars 
tu prescribed by Law 1. But if we coufd persistently take 

to low goes from under t. h e upper “low” to under %e 

referring to the position of tho astronomer before the P nal 

currents of P gur? 2 placed back to back so as to form an 

cos21 
sin1 

the momentum necessary for the perturbation of the 
steady motion in compliance with Law 1 out of the gen- 
eral west-to-east circulation, we could have both the 
southorly and northerly currents maintained. It is not 
unreasonable to su pose that, as awesterly circulation has 

lation, the westerly momentum at the various levels may 
produce the effect described. In  t8his case we should have 
the permanence of the anticyclonic distribution main- 
tained by tBhe persistent infraction of t8he law of relation 
of pressure to wind. At the same time LL flow-off a t  the 
bottom outward in both cases hm to be su plied, and in 

conditions of pressure over both sides of the rid e of 

air of a high-pressure region. Hence the case repre- 
sented in figure 3 seems to furnish a possible example of .a 
high-pressure region maintained in a quasi-steady condi- 
tion by a transfer of air across the isobars in consequence 
of the uncompensated momentum; the flow-off on either 

to be diverted nort R ward to produce the northward circu- 

consequence there is a downward flow un R er peqnanent 

“high” which would give the necessary warming o T the 

High 
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FIO. a.-South-to-north current VI supplying its own bottom outflow VI and main- 
a parallel north-to-..dth &rent,  Vt, and its bottom outflow, b,, by tmsier- tain 

cnce?fair across the “b.igh’’ ridge. 

side at the bottom from “high” to “low” denoted by 0, 
and U being provided by the adjustment of the currents v and v,. 

hhether  or not this be a true explanation, it certainly 
agrees with comnion experience in regarding a high- 
pressure area as more easily maintained persistently 
than a “low.” 

Propo&ions 2,3, ami! 4. 
These propositions, which deal with the application 

of the formula for chan e of pressuredifference with 
height (the unit of height % eing the meter), viz, 

to explain the doniinance of the stratos here and the 
lack of importance of the troposphere in t e distribution 
of pressure at the surface, to compute the wind-velocity 
from the pressure-difference a t  any he’ h t  and to ex- 
plain the observed falling off of win!-velocity with 
height in the stratosphere, have been dealt with in the 
paper communicated to the Scottish Meteorological So- 
ciety, and the work need not be repeated here, especially 
as Proposition 5 makes use of the same equations. 
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Aug. 

221 
221 
221 
222 
226 
233 
241 
248 
255 
262 
268 

279 
283 
289 

274 

Proposition 5.-me mlculu$ion of the distribution o pre% 
sure and temperature in  tA.e u p e ~  air.from the o d s e m  
t i m  of ~ ~ T U C ~ U . T ~  represented i y smndings with a pilot 
balloon. 

A pilot balloon gives primarily the horizontal direction 
and velocity of the wind a t  successive heights, so that 
we ma suppose that we have the horizontal direction 
and veocity 9 of the wind at  each kilometer as the data 
for the calculation. 

The h t  step is to resolve the wind-velocity into two 
components, west to east and south to north. 

By the a plication of Law 1 we ca.n then compute the 

north direction and the west-to-east direction. 
Thus, if Ap is the pressure-difference for a distance L 

taken along the direction of the wind velocity V, if 8, in 
absolute degrees, and p ,  in millibars, are the temperature 
and ressure, A the latitude, w the angular velocity of the 
eart8s rotation, and R the constant of the character- 
istic equation for air, we have 

pressured B erence for 100 kilometers in the south-to- 

R e d p  _ _ -  eAp v=- -K--. 

And since both velocity and pressure-difference, or 
gradient, are vector quantities, we get for the northward 
and westward components of the pressure-gradient per 
hundred kilometers 

3 w s i n I p  L p L 

Sept. Oct. 
--- 

0 0 0  

219 217 
219 218 
221 219 
221 220 
226 224 
233 231 
241 238 
247 245 
2% 251 
261 258 
267 264 

278 275 
281 279 
286 283 

273 270 

and 

Apr. 

221 
221 
220 
219 
222 
226 
232 
239 
246 
252 
259 
26s 
270 
276 
282 

where (W to E) and (S  to N) indicate the components 
of the wind-velocity resolved in those two directions. 

Now from a pilot balloon ascent we can not get t,he 
value of p/O for the special occasion of the ascent, but 
there is r e d  little variation from time to time of t,hia 

tions of pressure and temperature go toget er, and the 
whole range of variation of 8 for any partsicular time of 

fl ratio. For t 1 e greater part of the tropos here varia- 

May. 
-- 

D O  

222 
222 
221 
220 
224 
2% 
236 
242 
249 
256 
262 
268 
273 
279 
285 

tion the chan e of pressure-difference for each kilometer. 
The use of t e mean value for ,h3 will not altogether 
invalidate the process, because t e variation from kilo- 
meter to kilometer depends generally on the ordinary 
diminution of pressure with height rather than on any 
extraordinary distribution of temperature. 

Substituting the vrqlue of the rate of increase of pres- 
sure-difference per kilometer of height in the equation 

E % 

and a a h  assuming a value of 8 / p ,  we can compute A6 
provi % ed we have a value of 8 which can properly be 
substituted in the equation. 

Here, again, we must have recourse to the mean value, 
as we have no observation of actual temperature at the 
time; but, again, the error made is not fatal to the prac- 
tical success of the c.alculation, because 8 comes ih as a 
factor which affects the scale of the variation; it does 
not affect the sign. By taking the mean value for the 
month instead of the actual value the error is probably 
less than 10 er cent and the whole error of employing 

than 20 per cent; and in consi ering t e distribution of 
pressure and temperature in the upper air we are not yet 
in a position to reject observations and information 
which may be in error by as much as a fifth. 

Consequently we may properly use the calculation 
here indicated to give at  least a rough but working idea 
of the distribution of pressure and temperature at  suc- 
cessive levels in the atmosphere when we know the 
velocity and direction of the wind there. 

The errors in p/S and 8 are less important in consider- 
the nature of the distribution, because the same 

The following table of monthly averages gives values 
which may be used in the absence of any special infor- 
mation for the particular occasion: 

B .  K mean values P or actual values robabl amounts to less 

or wrong, are used for both components at 

TABLE 3.-Aiwage tmpembire (OA.) at different levels for month& 

.I. FOR BRITIRH ISLES. TAKEN FROM "GEOPHYSICAL MEMOIRS," NO. 2 

TABLE P.-Tablc for  t;alucs of pl0 at diferent levek-awrage of rcsitlts in 
Gcophysical Joi iml ,  " 1912. 

19 4 235 
18 -32 

1.90 1 3.24 
Gd. 3.55 

14 216 
13 216 
12 217 
11 217 
10 220 
9 224 

7 237 
6 243 
5 250 
4 257 
3 263 
2 267 
1 271 

Gd. 276 

1 8 230 

I I I l l l l I ~  

- 
?eb. 
- 

217 
217 
218 
217 
220 
223 
229 
236 
243 
249 
256 
202 
266 
271 
276 
- 

- 
Har. 
- 

D 

219 
219 
219 
217 
220 
224 
230 
237 
244 
?50 
257 
263 
267 
273 
277 
- 

(w. H. DINES). 

- 
Jtine 
- 

0 

223 
223 
222 
221 
225 
231 
238 
245 
352 
259 
26.5 
271 
276 
282 
288 
- 

- 
luly 
- 

222 
223 
322 
222 
226 
234 
241 
247 
255 
261 
267 
273 
278 
2 0  
286 
- 

'23Z0A?<. A. 

- 
VOV 

- 
0 

216 
217 
218 
219 
223 
228 
235 
241 
249 
255 
261 
267 
273 
275 
280 
- 

- 
Dee. 
- 
215 
216 
217 
218 
221 
225 
832* 
238 
24s 
253 
258 
!Mt4 
288 
273 
277, 
- 

Having thus computed the pressure-difference for 
100 kilometers, in two direckions a t  right an les, for the 

I give in Table 3 a specimen of the calculation as ap- 
plied to the results of a sounding with a pilot balloon on 

level of each kilometer, we may next obtain % y subtrac- April 29, 1905. 
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Incr. per km. 
31.2 e. 
x e. 

Height. 

km. 
6 
5 
4 
3 
2 
1 
0 

Height. 

Incr. per km. 
Incr. per km. ( - 3 r  1 

Xe+A,P.  34.2 X e + A N p  ) ATx1oo’ 
+pie. 

_ _ ~  - 

km. 
6 
5 
4 
3 
2 
1 
0 

-- 
mla. 

20.5 
15.0 
8.5 
6.5 
8.0 

TABLE 4.-Comptation of plessure diatribu.tion and tmzpembire d~8h.ib1itkmfrom a pibt balbon ascerat of April 29, 1908. 

OAr. 
300 
300 
280 
265 
250 

.A. 
248 
254 
281 
267 
272 
278 

___- I 

+1.81 
+2.16 
+0.91 
-1.71 
+2.48 + .e4 

Chmm 
perkm. 

(inersaso). 

W t o E  
Comp. 

mia. 
+17.75 
+13.99 + 8.37 + 6.48 + 7.52 + 4.33 + 3.21 

Incr. per km 
34.2 

‘ S t o N  
Comp. 

mp. 
-10.25 - 7.50 - 1.47 + 0.57 + 2.74 + 2.50 + 3.84 

e. 

W X E  
K 

Ka25.4. 

+O. 70 + .51 + .33 + .25 + .30 + .17 + .13 

lncr*per km- I 1 Incr.perk.Xe. 31.2 (T A-exlOO. 
31.2 X B + A w p .  xe+AWp )I W 

+pie. 

8105 
K 

K-25.4. 

m b. 
-0.15 - .48 - . I9  - .27 

- .21 
0 

-0.41 - .30 - .OB + .E + . ll  + .10 + .15 

__ - - -. - 
- 0 . W  
- . O M  - .0056 
- .ooi9 

0 - . m 1  .......................... 

-1 1 8 8  mb. +1.32 

2.33 +o. 77 

2.90 + .87 
3.18 + .54 

2:oe ’ +1.m 

2 . 5 4  +.e5 

3.501 +.46 

___- 
mls. 

20.5 
15.0 
8.5 
6.5 
8.0 
5.0 
5.0 

-I--- 

.Az. 
300 
300 
280 
265 
350 
240 
220 

-I 
O A .  

248 
254 
261 
267 
272 
2i8 

mb. 
-0.77 

2. OB 

hn. 
-1.09 -1.86 -0.98 -102 
-3.56 -4.18 -2.01 - 5 0  
-1.47 -1.61 - .w -132 
-2.11 -2.06 - .80 -125 

0 + .32 + . ll  +m 
-1.70 -1.38 - .45 -m .................................................................. 

2.33 

3.18 + .33 
3.50 + .P 

Distauce of next higher Isobar. 

I 

of next 
btherm. 

mb. I 
+0.36 ; +0.0073 + .sa I + .m + .12 1 + .0035 - .22 I - .0064 + . m 1  Z:Ei + . m 3  .......................... 

km. 
2 3 3 3  
181 E 
291E 
292E 
l 4 l E  
11OE 
187E 
1 U E  
353E 

km. 
93N 

lOOON 
454s 
137N 
1008 
832N 
3038 
769N 
!&‘ON 

I have used this method for the calculation of the dis- 
tribution. of ressure and temperature in the cases repre- 

book on the Stru.cture of the Atmosphre in Char Wea.thP.r,‘ 
which includes that, given in detail above. Some of the 
results are given below-the problem being understood 
to be stated thus: Gi.ve~e the wand velocity at any point, to 
jind coordinates for drawing the is0ba.r for the next higher 
millibar and t7w isotherm for the nett hgher degree qf tern- 
perature. It will be remembered that the is0ba.r over 
the point of observation itself is to be taken parallel to 
the wind direction in accordance with Law 1, and the 
direction of the isothermal lines d l  be taken para.lle1 to 
the line joining the computed coordinates, so that the 
distribution of pressure and temperature is to be repre- 
sented each by two arnUe1 lines, the coordinntes giving 

sented by p E otographs of models in Mr. C. J. P. Cave’s 

their direction and t ?l eir distance apart. 

fiom Gomcters to 10 L~metm.9.  

1. SOUNDINQ OF YAY 5, 1w)B, 6h43pP. Y. 

“Solid currmt”: Wind ap  oximutely uni orm in Arectwn and velocity 

Height. 

km. 
9-10 
8-9 
7-8 
6-7 
5-0 
4-5 
M w 
1-2 
5 1  

km. 
I43 N 
143 N 
lB N 
114 N 
99N 
R N  
67 N 
58N 
64N ... ..- I .-- -.. 

km. 
93W 

1350 E 
54 E 
74 w 

139 W 
58 E 

w)BW 
1 w  w 
49E 

In this case it is interesting first to notice the radual 

consequently diminishing density. This is the ordinary 
conditaon for the velocity remaining invariable with 
height. 

separation of the isobars with increasing heig % t and 

4 Cambridge University Prass, 1912. 

km . 
+ d o  
+ e 4  
+135 
-244 
+93 +no 

._._.I ................ I ................ ................ ............. 

Secondly, it is noteworthy that the separation of the 
isotherms is generally la.rge and also very irregular, show- 
ing approximate equality of temperature in a.ny layer, 
but great, want of conformity between one layer and 
another. Such variations in the distribution of temper- 
ature may easily be accounted for by local-convection 
producing cha.nges of ten1 erature and possibl clouds, 
a.nd it leads us to reflect t f at the convection w K ich pro- 
duces local clouds will also procluce local modifications of 
temperature and consequently local niodifications of 

If we ask whether such 
Yocal variations of temperature nnd wind are a t  rtll prob 
able, we have only to refer to the records of the ascents 
of registering badoonv and of anemometers, or of pilot 
balloon ascents, to give an affirmative answer. 

Nothing is more noteworbhy than the irregular varia- 
tions in temperature difference as given by a pair of 
soundings lnth registering balloons, and the curious 
local irregularities of wind disclosed by pilot balloon 
ascents. Hitherto it has been customary, on quite 
general grounds, to regard them both as possibly due to 
the uncertainties of observa.tion. We now see that they 
niay equally well be important evidence of complication 
in the structure of the atmosphere. 

Those whose beni erament inclines them that way 
have still the possibiity of uncertainties in observation 
to fall back upon; but the better plan would seem to be 
to arrange for simultaneous ascents of registering balloons 
and pilot balloons, so that the actual and coni uted dis- 

method of coniputation here indicated (with ih 
acknowledged uncertainties in taking mean values for 
p/B and 0 instead of actual values) should prove service- 
able, then one pilot balloon ascent gives for practical 
u oses almost as much information ns three registering 

Apart from the uncertainties which have been men- 
tioned, the conclusions as to the distribution of tempera- 
ture and pressure are incontrovertible by those who 
accept Law 1, and per contra if the conclusions aresus- 
tained Law 1 receives its most complete vindication. 

ressure and wind velocity. 

tribution of tern erature mag he coni ared. $ he inter- 
esting feature o P the coniparison wou P d be that, if the 

Ed? OOIlS . 
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. Height. 

km. 
4 
3 
2 

MONTHLY WEATHER REVlEW. 

Distance of next higher isobar. Of next higher 
isotherm. 

km. km. 
119 E 
555E 
1R5w 

688 
778 

139 S 294w 119 s 

~ I L ,  1914 

Lm. 
356w 
356 W 
416W 
4 3 5 w  
865 w 

4.000E 
416E 
142E 
172E 

2. BOUNDINQ OF BEPTEMBER 1,IWn. 

Weetdy wind rapidly increasing aloft. 

TABLE 6.  

km. 
96s 

4168 
2946 
139s  
101 s 
1198 
2888 
24 S 
3 4 N  

The increase in the intensity of the wessure distribu- 
tion with height is clearly shown and dnds its explana- 
tion in a steep temperature gradient from south to north. 

3. BOUNDING OF NOVEMBER 6, 19fB. lob Srn A. M. 

Reversal of direcGm from E.g. E. in the lowvst three kihnvtms to W. N. W. 
in thp reach from .$ kilometers to 9 kilometers. 

TABLE 7. 

km. 
8-0 
7-8 
6-7 
5-6 
4-85 
a 4  w 
0 -1 
1-a 

km. 
185 s 
aorlS 
aoOS 
233 s 
3448 

5,m s 
588N 
100 N 
i l N  

km. 
312 W no w 
1 8 8 w  
625 E 
1 0 9 w  
270 W 
108 w 
6.5 W 
4OE 

The dual  diniinution of velocity up to 4 kilometers 

in the second and third columns; an it is seen that the 
reversal is to be accounted for by a ra id rise of tem- 

meters, with a similar distribution of temperature of less 
marked character in the higher layers. 

It will be noticed that in the second and third kilo- 
meters, where the reversal is determined, the slope of 
temperature is opposite to the slope of pressure, a con- 
dition which we have already noticed as bein charm- 

In  the sixth kilometer the nest hi her isotherm is found 
a long way off on the east insteafof on the west, as in 
the layers above and helow. The change is not really 
very large, as the temperature conditions are nearly uni- 
form in that region as regards the west-to-east direction, 
but it furnishes a reminder of the close association which 
we must expect to find between slight changes in tem- 
perature distribution and in the direction and fame of 
the wind. 

Northwssterly currmt in fie itpper layers crossing a l o u w  mrrentJroni the 
so uthturst . 

This is the exani le of which the details of the working 
are shown in Tab P e 4, and it is one of great interest, 
because it is c,harac.teristic. of the advance of a well- 
developed cyclonic depression from the westward. It 
has lo been recognized, by seamen and other observers 

seen to be moving from the northwest while the surface 
winds are coming from the southwest. I t  is one of the 
surest signs of the rainfall which occurs in the front of a 
cyclonic depression. The table already given shows t>he 

Tp where t f e isobars become very wide a art! is well marked 

perature to the southwFst in the secon R and third kilo- 

teristic of large change of pressuredifference wit 5 height. 

4. BOUNDING OF APRIL 29, 1w)8. 

of weat 5 er, in observations of upper clouds which are 

values of Aep and Awp for each kilometer level, and the 
values of dNB and AwB computed from the changes in the 
pressure-differences for successive kilometer steps. 

We may note here an ambiguity of notation which we 
ought to Find some means to remove, and which ought at  
least to be inade clear. In  the table [Table 41 Ap and AB 
are used to indicate the sir0 E of ressure and of tempera- 
ture in the two directions &. an8 W. Thus in the table, 
when Ap or d0 is positive for a iven direction, it is to be 

direction. But the usual c.onvention of the differential 
calculus is that an increme in the quantity represented is 
indicakd by a positive value of the difference. The am- 
biguity arises from the use of the convenient symbol d to 
denote the difference, while the meteorological prac.tic.e 
is to think of rsdient as represented by downward slope. 

instead of d to indicate a negative difference, so the 
ambiguitv remains for the present, though I feel that an 
apology i's due for it. 

I n  order to resent in a table the corres onding values 

of the two values of d p  for the top and bottom of the kilo- 

rather doubtful, but exce t in Table 6 it has Thy, een 01- 
meter to which dB refers. 

this one. 
Converting by simple inversion the figures for Ap and 

AB per 100 kdometers into distances dong the axis of the 
intercepts of the next hi her isobar and isotherm, respec- 
tively, we obtain the fo lf owing: 

TABLE 8. 

understood that it represents t % e fall of pressure in that 

I have not f ound any convenient new symbol to use 

of d p  and AB P or the same level, I have ta P en the means 

lowed in the tables alrea tr y given, so I adhere to i t  in 

This practice is, 

Height. Distanca of next higher Isobar. I I 
km. 
5-6 
4-5 
3-4 
2-3 
1-2 
0-1 

km. 
64 S 

109 s 
141 S 
131 S 
141 8 
2008 

km. 
143 'w 
263 w 

2.m w 
5% E 
313 E 
232 E 

Distance of next high iao- 
therm. 

h. 
808 
648 

135 8 
244N 
93 s 

2iO S 

km . 
l0aW 
60W 

132 W 
125 w 
909E 
a2aW 

i In  this table the gradual conversion of a souther1 
component into a northerly component associated wit 
hi her temperature to the westward is rer noticeable. 

are, 
roughly speaking, at  right angles to those in the lowest 
kidometer, which is, of course, in accordance with the 
wind observations; but that the isotherins, with some 
fluctuntions, particularly in the second kilometer, are 
siniilarly arranged at  the top and at  the bottom. That 
is to say, the upper winds are flowing from the northwest 
with the higher temperature on the southwest side, while 
the lower winds are movin transversely from the south- 

of the u per air, but in this case the isotherms are across 
the winx. 

re 4, which was 
originally drawn to the sanie horizontz-%.ale aa the larger 
c.hart of the Daily Weather Report, and it is clear that 
in the lowest stage the colunins of warmer air brought in 
by the southwesterly current are being carried under- 
neath the parallel co'lumns of the upper current. Up to 
4 km., where the wind has become westerly, we have a 
distribution which produces the same effect. The wind 
is always carrying warmer air under colder air, and as, 
by Proposition 1, a southerly current tends to thicken 

?t will be seen that the isobars above 4 .-ilometers c 

west with a distribution o f temperature parallel to that 

These results are represented in fi 
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and a northerly current to give way, the pushing under 
of the warmer air becomes more effective, until instability 
occurs and rainfall sets in. The irregularities which are 

N 

4-5k 

3-4k 

2-3k 

I -2k  

0-IK 

s 
N 

=. I 

N 

+- . \  I 

SCALE OF 
WIND VELOCITY. 

SCALE OF 
ISOBAR8 AND ISOTHERMS. 4- 

u - 0 loo 20. 300 400 soa s 0 I O  20  30 

. METERS PER. OECONO. XILOYLTTRD. 

FIO. &-Pilot balloon soundine. Ami1 3. 1908. Northwest wind over southwest: 
’ icof an-advG-cing de&ssion. The arrow shows the direction and velocit m a  the full line the position of isobar naf oboue that which passes throw1 

thoatation. The dotted lfnethrough 0 shows the isotherm p w n g  through the station; 
the parallel dotted line, the isotherm for one dqree higher than that of the statlon. 

shown in the distribution of temperature are probably 
due to previous convection. 

We have here, therefore, the assurance of rainfall con- 
ditions as the southwesterly wind 
under the northwesterly in front o 
depression. The rainy condition of 
sion is thus direc.tly accounted for. 

The characteristic rainfall of a c clonic depression is 

surface isobars, but t.his hypothesis is difficult to follow 
into details, because the convergence is eneral over the 

ditions of the upper air here set out shows that there is 
ood reason for rainfall in the upper layers, to which the 

ioctrine of general convergence can not safely be held to 
ap 11s. 

k o  the esampleu which are taken from Mr. Cave’s work, 
I may add one for October 16, 1913, which was reported 
to me by Mr. J. S. Dines in connection with his work for 
the branch nieteorological office at  South Farnborough. 

On that day, at  Pyrton Hill, where the sounding was 
made, there was a sudden change of wind between 1,100 
and 1,500 meters height from a reasonably stead wind 
from nearly due south into one almost as stea B yfrom 
due north, the chan e being accomplished within half a 

between 500 m d  1,100 meters ti temperature distribution 
in isotherms nearly north and south with the warmer air 
on the enst, and.above 1,500 meters an entirely different 
distribution with isotherms nearly east and west, and 
cold to t.he northward. The intermediate layer, 400 kilo- 
meters thick, showed a very rapid increase of tem ertl. 
ture to the west-as much as 7’ C. per liundred%lo- 
metelr;. 

The coniplete arrest of the northerly current and pro- 
duct,ion of a calm by the annihilation of the gradient be- 
tween 1,100 and 1,500 meters is very remarkable, but 
nevertheless a real fact. The nocompanying temperature 
difference is probabl due to a strong temperature “inver- 
sion” at a height oPabout 1,500 meters at  the lace of 

c1ist.ant to the west. On that occasion it lasted for some 
time, as it  was found an hour afterwards by a second 
balloon; but it must be remembered that it was a region 
of no velocity, and therefore the relatively warm and 
cold airs were not moving. In order t.0 get them awa , 
either convection niust take place or a gradient must g e 
created. 

generally associated with a genera T convergence of the 

area, while the rainfall is local. The ana 5 ysis of the con- 

kilometer. The ana K p i s  in this case shows for the layer 

observation and of 1,100 meters at  a place 100 ki P ometers 

PropoSition 6.- The general &rcu.lation of the atmosphre 
in the Northem Hemisphere. 

The reasoning in this proposition is more general in form 
than that of the foregoing proposit,ions. The extension 
of our knowledge tends more and more to st,rengthen the 
conclusion that the pr0siniat.e cause of the variations of 
ressuse in the region of tmhe Brit,ish Isles must be looked 

For in t,he layer a t  a height of about 7 to 9 kilometers; it is 
the layer of masiniuni wind velocity just undcr t,he strnto- 
sphere, and it is also the layer wit.hin which niust be located 
a rapid transition of slope of temperature. Below it, as 
set out in L e m a  I the slope of temperature follows the 
slope of ressure; above it, the slope is in the opposite 
sense. ?he mechanism b which the changes of pressure 
are produced is unknown: h t  this much is apparently true, 
that within the layer referred to, the relation between the 
pressure and teniperature of the air at  two places on the 
same level is that of adiabatic expansion. Above the 
critical layer where this relation holds, the air in the 
high-pressuse area is ‘ I  too cold, ” and below it, for 5 or 6 
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kilometers at least, it is “too warm.” We may sup- 
pose that air becomes “ too warm” by the dynamical 
warming of downward convection, and, (perhaps, also 
that it becomes “too cold ” b piling up un er the strato- 
s here and reacljustnient OT the several layeis within 
t e stratos here, so that pressure on the sample which 
causes [ $  the ulging is reduced, while that over the sur- 
rounding regions is increased.e Radiation is left out of 
account-whet,her rightly or wrongly, it  is not possible 
at this stage to say. 

The motion of the critical layer is on the average from 
west to east, but not invariably so, and apparently the 
temperature relations which have been described are not 
dependent u on wind direction. Other henomena, 

ilar symmetry, but there is no sufficient evidence for sup- 
wing that the phenomena are necessarily centered 

rocally. In  fact, according to the distribution of isobars 
at  4 kilometers computed by Teisserenc cle Bort (Lemma 
II), the average motion does not differ much from a cir- 
culation round the pole which, once set up, might be 
persistent with little change if it  was everywhere adjusted 
to the barometric gradient. The actual motion, however, 
certainly does change, ancl is, in fact, constantly changing. 

Let us consider the conditions of Teisserenc de Bort’s 
average isobars and the forces which are available to 
produce the perturbations of a supposed original circum- 
polar circulation indicated thereby. I have already 
remarked that, for such a circulation as t.hat represented 
by Teisserenc de Bort, the isobars for 4 kilometers niay 
fairly be accepted aa applicable at 7 kilometers also, be- 
cause the changes of pressure difference between 4 kilo- 
meters and 7 kilometers are in ordinary circumstances very 
sli ht. 

taking the average ma for January, it will be noticed 

round the pole. If they were so, a stead circulation 

postulated in Lemma I1 that they are in reality in- 
dented ovals or approximate figures of eight with the 
lobes over the Asiatic and. American Continents ancl the 
inward bends over the two oceans. I pur ose considering, 

deviation from the circular shape. The sha )e which we 

shown on synchronous charts of t.he dist,ribution of 
pressure at  the sur ace of the Northern Hemisphere in 

“lows” over the oceans. I remark in the first place that, 
to derive the figure-of-eight shape from t,he circular 
shape, one can not rely simply upon the nutation of a 
west-to-east circulation round t.he pole; one must super- 
pose either a pair of anticyclonic systems, elongated 
north or south, over the oceans, or a pair of cyclonic sys- 
tems over t,he continents, of which we can at  present only 
determine the southern portions; or we mi ht  arrive 
a t  the actual shapes by adjustments of both%inds. If 
we assumed positions for the original circular isobars, it 
would be a simple matter to give numerical values of the 
su erposed anticyclones or cyclones. But the circum- 

stage, the numerical work indicated would be unreniu- 
nerative. Let us assume, however, such an initial circum- 
polar system, and consider the physical forces which would 
disturb its motion. 

so far as they 7l ave been observed, seem to  in8cate a sini- 

that the isobars at 4 ki I? omet.ers are clearly not circles 

would be a natural conclusion. It has z een already 

first, the effect of convection as a possi fl le cause of the 

have to explain is exactly opposite of that w h ich is often 

winter, and which x as “highs” over the continents and 

PO P ar circular isobars are hypotfhetical, and, at  the present 

6 Sen Journal Scottlsh Met. 6oc 1918 loc. cit. 
See a note 011 the Perturbat id  d thk Stratosphere in Publication !UX d the Meteor- 

-0- 

The only force inimediately at  hand is that of gravit , 
due indirectly to the cooling of the surface air on t z e 
land and frozen sea in the Arctic. night operatin in 
accordance with Law 3, the law of convection. 5his 
may produce a real effect of some m nitude on land 
slopes. It is not, I think, necessarily e F eckive over level 
surfaces, because there is no slope down which the cooled 
air can flow. 

I have always hesitated about the common explanation 
of the trade winds and other well-known phenomena 
based upon the reverse process of surface heating. Sur- 
face heating and surface cooling necessarily produce u 
certain amount of expansion and contraction, but not 
necessarily any continuous convection current. Convec- 
tion requires the justaposition of warm air and c.olrl air, 
and, if the region is big enough, the result of surface 
beating may easil give rise to a heated volume of air 

continuous process of general convection. Local con- 
vection there would be, but that need only extend high 
enough up to take u the clay’s heat. All tlie main air 
currents of the globe K ave pressure distributions to guide 
them. They can not usefully be called convection 
currents. 

So, if we had, say, tt million square miles of level ice 
round the pole, I can not see that the cooling of that area 
neecl prorliice any considerable effect upon the distribu- 
tion of pressure; but if the c.ooling takes lace on slopes, 
we at  once get the force of gravity to he f p, and one can 
no niorc suppose the downward flow of the air to be 
stopped t.lian the flow of a river to be permanently 
arrested. Hence there must be in winter ti continual 
flow of air off the great land areas of the Northern Hemi- 
sphere if they have any slope. The air fall off Greenland, 
for esaiiiple, must be enormous. Every description by 
csplore,rs in the Antarc.tic seems to support the suggestion 
of a great cold-air cascade froiii the Sntarct.ic continent. 
How much flows, and where it flows to, I can not say; 
ult,imntely it must find its way to wnrnier letitudes by 
some route or otliw: but these air flows must he R real 
cause of alterstion in the distribution of pressure, ancl 
it  is to the land slopes which are losing heat that we may 
trace an indubitable influence, and therefore a disturbance 
of the uniformity of circulation. Apart from compensa- 
tion, a flow-off of 1 meter thickness of air would mean a 
reduction of pressure of 0.1 niillibar. 

The facta which are here represented are so~et imes  taken a8 indi- 
rating the formation of anticyclones over t,he hrctic and Antarctic 
land ar9as. When those are= are represented by plateaus 10,000 or 
15.000 feet in height. the nurface anticyclone mav become merely a 
hypothetical con.truction suppcsed to occu v the space which is 
roally occupied by land and not by air at all. t o  a conslderrtble extent 
the great Asiatic and .4merican anticyclones depend upon the reduc- 
tion of observations to sea level under conditions which can have no 
real existence. The mountain slope might possibly operat,e, in t,he 
niaintenance of a cyclonic circulation in tlie u 1 er air, much like 
the lide in the bot.tom of a basin, and the actual ?and surface at the 
high level niiglit therefore be a region of cyclonic circulation. 

Similar phcnoiiiena niust of course happen locally, 
and they are well known in mountainous regions, though 
we can hardly espect the smaller local examples to show 
much effect in the distribution of ressure over the globe. 

are the cause of a constant abstraction of air from the 
lowest layers of the atmosphere in those regions. The 
cold air flows away by gravity, and since the surface 
pressure is apparent1 still maintained, the efforts to 

atniosphere and in accordance with its laws; come- 

surrounded by is0 i!3 ars and air currents that prevent any 

But we may assume that col (P land slopes in winter 

redress the loss of air K ave to be carried out in the upper 
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uently we should expect to find a cyclonic circulation in %B level in which the replacement is taking lace. The 

,being made up overhead, but it can not prevent the cold 
air from flowing downhill unless the reduction of pressure 
is enough to reduce the densit by as much as the low 
temperature increases it, and tLs is a difficult task, for 
near sea level it takes more than 3 millibars loss of 
pressure to make up for a sin le degree loss of temperature. 

the land areas w o u v  result in the superposition of a 
cyclonic distribution a t  high level over them, and the 
continental lobes of Teisserenc de Bort’s isobars for the 
up er air may well he due to this cause. 

g u t  the cause is obviously a very variable one, depend- 
ing upon the distribution of cloud and other circuni- 
stances. Statistically, its effect upon the circulation of 
the up er air is to esaggerate the pressure gradient for 
wester P y winds over the Tern erate Zones of the conti- 
nents, and to diminish the gra ien t  northward. Thereby 
we introduce into the circulation local accentuation of 
current, which must be disposed of by some dynaniical 
process. 

The next step in the consideration rests upon the fact 
that b super osing a cyclonic depression upon the cir- 

to the southward and reduce the northern part. Taking 
the case of Teisserenc de Bort’s map for January, the 
westerly run of isobars over America and Asia is about 
10’ to 20’ of latitude lower than over the oceans, and 
these two positions of westerly circulation have to be 
connected by isobars which cross the parallels of latitude, 
and therefore have a south-to-north and a north-to-south 
component respectively. Therefore, they can only be 
maintained persistently under the conditions set out in 
Pro osition 1. Now, it has been shown in the discussion 
of &position 1 that ernianence of a quasi-steady chnr- 

having a south-to-north current on its western side, and 
vice versa, provided that nionientum was being taken out 
of the westerly circulation in order to provide a slight east- 
ward deviation from the isobars setting to the north. 
Such a case would be fairly represented by the deviation 
from circular isobars shown over the oceans on Teisserenc 
de Bort’s map for January, and hence the form of those 
isobars may be arrived at by the influence of a steady flow- 
off of air down the land slope of the Arctic regions and the 
steady deviation of the wind from the direction of the 
southwest to northwest isobars on the western sides of the 
oceans in consequence of the momentum of the westerly 
circulation. 

Meanwhile, what ha pens to the cold air which has run 
off the land areas? !&at has to be steered about by the 
distribution of pressure in the upper air as modified by any 
special peculiarities of temperature in the lower regions, 
and all sorts of complications may arise from this cause. 
So far as it goes, its density tends to set up high pressure 
over the regions which it covers, and so to make a slope 
of pressure southward and cause easterly winds on its 
southern side. Whenever in a mass of air temperature- 
fall is in the opposite direction to pressure-fall, great 
change in the horizontal distribution of pressure under- 
neath is the result, and many of our local variations of 
pressure may fairly be attributed to the reactions which 
these cold masses of air offer to the attem t (in the end 

pole from west to east. g y  their eastward motion these 
massea of cold air are always reminding us that if left to 
themselves, without the overpowering guidance of the 

cyclonic circulation may operate to prevent t ?l e pressure 

Hence we may su ose t f at the constant drainage of 

cumpo 9 7  ar cucu ation we displace a part of that circulation 

acter might be realize B in the case of an anticyclonic ridge 

futile) on the part of the u per air to steer t % em round the 

pressure distribution of the upper air, they would form a 
circulation round the pole in opposition to the circulation 
of the upper air, with which they are in perpetual conflict. 

TURBULENT MOTION. 

In  the study which has been the subject of the foregoing 
pa es we have always considered the motion of the air 

the rotation of the earth, escept in regard to the surface 
layer and one other suggested esception when the momen- 
tum of the eneral wester1 circulation was invoked. It 
should here 96 e noted that g y this limitation to what may 
perhaps be called “great circle motion,” we are consider- 
ing almost esclusivel the circulation above that half of 
the earth’s surface w&ch is north of the northern tropic 
and south of the southern one. There is another section 
of meteorology which has to deal articularly with the 

ical revolving storms are to be found. These storms, 
which have a diameter of some hundred miles or more, 
as well as the tornadoes which have a diameter of perhaps 
a quarter of a mile, belong to the subject of turbulent 
motion with which the eddies and whrls that are pro- 
duced 6y obstacles on the surface of the round are also 

important as they sometimes are in real life and death, 
must be treated. in a manner different from that of the 
present coninlunication. 

to B e regulated by a distribution of pressure balanced by 

region between the Tropics, where t R e beginnings of trop- 

associated. All these phenomena of tu r  B ulent motion, 

. > ,  
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BIRKELAND’S THEORY OF THE ZODIACAL LIQEI!.’ 

[Dated Weather Bureau, Washington, D. C., May 1 ,  lQ14.l 

Birkeland finds that several of his experiments a with a 
magnetized, phosphorescent terrella in a large vacuum 
chamber, furnish liheiioniena which serve him as a start- 
iiig point for an esplanation of the zodiacal light and the 
geFenscheiii. 

l he  position of the zodiacal light has now been defi- 
nitely shown to be c!oeely related to the position of the 
solar equator, rising and sinking with it, and is not so im- 
mediately related to the ecliptic as fornier general opinion 
held it to be. One of the most significant, and heretofore 
unesplaincd, characteristics of the zodiacal light is the 
pulsatory chsra.cter of the yariations in its brightness or 
intensity, and in its shape. These pulsato cha es a - 
pear to an observer to be akin to those T T %  s own y t e 
aurora and by t,errestrial magnetism, and have been cor- 
related with ulsatory oscillations in the terrestrial mag- 
netic field. $here is no lack of impeccable observations 
and records of this ulsation in the zodiacal light, witness 

United 8t.ates Esploring Espedition to Japan, and Bkke- 
land at  Halde, haafiord, and Kliartuni. Evidently an 
adequate theory of the zodiacal light must account for 
this feature of it. Birkeland therefore thinks “it very 
probabIe * * * that the zodiacal light must be 
primarily occasioned by electrical phenomena.” 

Birkeland regards the sun as a great magnet, having a 
“magnetic moment of the order loz8 or about 150 times 
as great as that of the eart,h,” and that its magnetic 
equator is essentially coincident with its heliographic 
equator. Further he finds no good reason for supposing 
that the sun’s magnetic axis is not coincident with its axis 
of rota tion. 

writings by Humbo f clt, Birt of Kew, George Jones of the 

~~ 

1 The Norwe ian Aurora Polsrls Expedition, 1W-1903. V. 1, set. 2, chap. 5. Chrb 

2 Dascrlbed iu “The or’ in of worlds.” By Prof. 6. Rlrkdand, &I. h e r .  suppl., 
Noe. 1957,1958. New Yoax, July 5, la. 1919. 
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